Abstract: Cyanosis can be detected in a blue-purplish discoloration area commonly around the mucous membranes which are around the lips, fingers and toes. It is one of the respiratory distress' symptoms in newborn babies that can be caused by either the low level of oxygenated blood or poor circulation. Low oxygen saturation in the blood will make the skin and lips appear to be blue since the blood's color changes from bright red to a darker bluish. Babies with cyanosis need urgent assessment and initiation of medical care. Therefore, a systematic and rational approach in identifying cyanosis symptoms are crucial since its occurrence is known to be one of the most difficult situation to be handled in pediatric world. Thus, the early detection of cyanosis symptoms and understanding the physiology of oxygenation in neonates are important to save the babies' lives. The goals of this paper are to introduce a new approach for early cyanosis detection and determination of cyanotic and non-cyanotic skin color based on the actual reflectance spectrum of oxyhemoglobin, (HbO2) and deoxyhemoglobin, (Hb). The actual transmission spectrum and the wavelength of cyanotic and non-cyanotic skin are calculated based on optical properties in each skins' layers. A block diagram is developed to represent the light's pathway in the cyanotic and non-cyanotic skin color and the transfer functions in each block diagram used to describe the relationship between individual layers. Finally, as an objective measure of cyanotic and non-cyanotic skin color, the International Commission on Illumination (CIE) of color space values (L*, a* and b*) are determined. The calculation results reveal that colorimetry assessment can demonstrate the evaluation of cyanosis based on oxygenation level in the blood.
Introduction
Cyanosis is derived from the Greek word "kuaneos" which means dark blue. It refers to the blue purplish discoloration commonly seen in mucous membranes [1] , [2] for example around the lips, fingers and toes. Cyanosis is one of the common symptoms of respiratory distress in a newborn baby. Researchers highlighted that if a baby's skin or lips turn blue, it is always referred to a low level of oxygenated blood or poor circulation [2] , [3] . When oxygen level in blood decreases, the blood color changes from bright red to a darker bluish and these can make the skin and lips appear to be blue.
Central cyanosis is often visually recognized by dark-blue or purple discoloration of the tongue and the linings of the mouth shown in Fig. 1 [4] . The skin color changes is one of the observationational elements the midwives will look for from 1 to 5 minutes after birth [5] . Central cyanosis is usually caused by diseases of the heart or lungs. The lack of hemoglobin in the blood can be measured using a pulse oximetry, a standard tool used for measuring the saturation of oxygen in hemoglobin. The oxygen saturation can be estimated with reasonable accuracy for an oxygen saturation of 60% or greater [1] . Fig. 1 . Central cyanosis [5] .
There are two states of hemoglobin: HbO2 and Hb. The concentration of reduced hemoglobin is an important factor of the cyanosis to occur. It also is known as deoxygenated hemoglobin [6] . The cyanosis may become apparent when the amount of deoxygenated hemoglobin is as little as 3 to 5 g/dL. According to [1] , [7] , for a normal healthy newborn, the hemoglobin count is 18g/dL. Here, an amount of 15g/dL (18-3g/dL) is the amount of hemoglobin that is saturated with oxygen. For example, 15 g/dL indicated the amount of hemoglobin saturated with oxygen. Thus, cyanosis can be detected when 83% or less of oxygen saturation (SaO2) is detected for instance by using a pulse oximetry. Accessing cyanosis in a newborn is highly subjective, and the evaluation of cyanosis is complicated because of many factors such as a surrounding's illuminant color and its intensity and the influences of the color of objects in the environment [8] . Therefore, the goal of this paper is to introduce a new approach for early cyanosis detection and determination of cyanotic and non-cyanotic skin color. The methods are based on the actual reflectance spectrum of HbO2 and Hb, and CIE L*a*b* values when the skin appeared as cyanotic or non-cyanotic skin are determined.
Theoretical Foundation

Observer Model of Cyanotic Skin
An observer model which gives a cyanosis overview can be modeled using the optical properties of human skin layers. As shown in Fig. 2 ., the optics of human skin can be divided into two parts which are the boundaries between two materials and the material properties of each layer. Boundary 1 refers to the boundary between the air and the skin layer (epidermis) and the Boundary 2 refers to the boundary between the epidermis and the dermis. Several components may describe the light propagation in the skin layers including transmission, absorption and scattering in Fig. 2 . and it depends on the properties and the pigments in the boundary and each layer. An incoming incident radiation, IIn, is shown together with a reflected rays of Ray 1 and Ray 2, and a transmitted ray of Ray 3. IIn is the refractive index of air; n2 is the refractive index of skin while n3 is the refractive index of red blood cell (RBC).
Series of Transfer Function in Skin's
The observer model in Fig. 2 can be represented in the next series of the transfer function in the block diagrams as illustrates in Fig. 3 . The block diagrams and the transfer functions in this chart described the relation between the input and outputs of the light optical pathways in human skin as well as to observe the cause and effect throughout the system. The system transfer function of the epidermis, HbO2, Hb, dermis and hypodermis are labeled as HEpi, HHb02, HHb, HDermis and HHypodermis, respectively. IIn is referred to incoming light while Ray 1, Ray 2 and Ray 3 are the output rays of the light coming out from the skin. As observed from the block diagrams, there are three different output rays can explain the light paths in the human's skin. Fig. 2 . a) A sketch of human skin and the optical properties of the skin layers. b) The terminology for Fresnel's equation for an incident ray that propagates in a scattering cell [9] . 
The fraction of light which continues to travel to the dermis and meet the RBCs will be back-scattered and return into the upper layer; back to the transfer function of the epidermis, HEpi. The reflected ray of Ray 2 in Fig. 3 can be obtained by Ray 2 = Ray 2a + Ray 2b where Ray 2a and Ray 2b are derived in the following equations respectively.
In the last layers of skin, the light continue to be transmitted to the final of the transfer function of hypodermis, HHypodermis. The Ray 3 and in Fig. 3 . can be obtained by the following transfer functions' equation.
The bluish cyanosis was seen because the brain processed the light interaction upon the skin as those perceived by the optical pathways on human skin as derived in Fig. 2 . Eyes need three parameters which are the observer, the illuminant of a light source and the reflectance spectral of the object viewed to see colors. Based on the transfer function given in Eq.2 and Eq.3, the blue color of cyanosis can be can be quantified by calculating the incoming light source interacting with the transfer of HHb02 and HHb and the color matching functions from the observer before the colors interpreted by the brain.
Human Eye Sensitivity and Color Matching
The two types of photoreceptors are rods and cones and each photoreceptor in human retina absorbs light and produces a neural (electrical) signal. The signals from all of the photoreceptors are processed within the eye and are processed within the eye while the brain produces the visual sensation. Because of the sensitivity to low levels of light, the rods are not omitted in color vision, whereas the cones are sensitive to higher levels of light, and the color vision is caused by the cone sensitivity in the eyes with approximately 100 million rods and 5 million cones are contained in the eyes. There are three types of primary cones; long-wavelength (L), medium-wavelength (M), and short-wavelength (S) cones. Each of them contains a pigment that absorbs light within a specific range of wavelengths [10] . At that time, the spectral sensitivities of the cones were yet to be known, but a color could be matched by the combination of three primaries, which could be used to specify color (Maxwell, 1860s). 4 . refers to the 10° standard observers CIE's color matching functions denote by 10 ( ), 10 ( ) and 10 ( ) which is referred to the red, green and blue color matching functions, respectively. The CIE tristimulus values of 10 , 10 and 10 are the numerical descriptions of the chromatic response of the observer. The value also refers to the spectral sensitivity curves of three linear light detectors and are known as the CIE standard observer [11] .
The Illuminant of a Light Source
An illuminant is a radiation with a defined relative spectral power distribution. It also refers to a graphical representation of the light source under which the samples are viewed. The two most commonly used standard illuminants are CIE standard illuminant A and CIE standard illuminant D65.
The CIE is defined D65 as a normal daylight and with correlated color temperature of approximately 6500K. Standard illuminant D65 is used in all colorimetric calculations which representing a daylight unless there are specific different illuminants are mentioned. As for CIE standard illuminant A, at a temperature of approximately 2856K, it is referred to more a domestic and tungsten-filament lighting with Planckian International Journal of Bioscience, Biochemistry and Bioinformatics radiator. For colorimetry involving the use of the incandescent lighting, this specification illuminant should be utilized unless it was mentioned to use others for the specific purposes [12] . The analysis in detecting cyanosis could be affected by lighting color and environment [13] . For a further simplification, the scope of the illuminant for IIn in Fig. 2 is set to approximately constant in all range of the visible wavelength. This simplification represents there is the constant illuminant use in this study and any factors that affected the illuminant has been neglected.
The Transmission Spectra of HbO2 and Hb
The absorption properties in the dermis are dominantly determined by HbO2 and Hb. The absorption spectra of HbO2 and Hb are depicted in Fig. 5 . From the absorption spectra of HbO2 and Hb obtained in Fig.  6 , the transmission spectra of both spectra are calculated based on Beer's Law. The transmission of HbO2 and Hb can be written in the inverse relationship of the absorbance [14] . where 0 is the incoming light, is the output light, is 2.718, is a molar absorptivity, is a path length and is concentration. From 5 , an absorbance is rated from 0 to 2. At 0 absorbance unit at some wavelength means that no light of that particular wavelength has been absorbed or 100% of transmittance.
In the other hand, 1 absorbance means only 10% of light has been transmitted. %T refers to the transmission of light in percentage. To tackle this issue, the transmission spectra of Ray 2a is obtained as the spectral transmission graph shown in Fig. 6 . In the red wavelength region, the reflectance or the amount of reflected light is higher than in the other wavelength regions. Furthermore, it shows that the Ray 2a which contains the transmission of oxyhemoglobin reflects more light in the range of orange and red wavelength regions while absorbs light in the green, blue, indigo, and violet wavelength regions. The transmission graph in this figure shows the oxygenated blood is more red than the deoxygenated blood.
On the other hand, as can be seen, the transmission spectra of Ray 2b are the transmission spectra of deoxyhemoglobin. It shows the high amount of reflected light in the blue wavelength region as depicts in Fig.  7 whereas the reflectance light in red wavelength is low and almost all the green wavelength region being absorbed. The spectra of Ray 2b, which transmits the deoxygenated blood looks bluer that the oxygenated ray in Ray 2a. 
For HbO2 and Hb, is given by
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The mathematics can be applied to describe the blue coloration of cyanosis and non-cyanosis in tristimulus values of X, Y and Z where is the spectral distribution of light stimulus and is a normalizing constant by calculate the integrals by a stepwise integration. is the transmission spectral of HbO2 and Hb respectively as in Fig. 6 and Fig. 7 , is the relative irradiance of illumination and is refers to the CIE 10° standard observer's constant [16] .
Quantifying a Cyanosis
As for the next step, the calculation for determining the cyanotic and non-cyanotic skin has been made according to CIE L*a*b* system using the following formula as for the accurate determination of cyanotic and non-cyanotic colors and color differences [17] : * = 500 * 
The calculation of the coordinate (L*,a*,b*) are from the (X, Y, Z) of the given light stimulus and the white point of (Xi, Yi, Zi). This is the reason CIE L*a*b* color space has a function for correcting the chromatic adaptation to the white point and is usually present as the object color and displays [18] . The CIE L*a*b* color space system is the most widely used space for measuring color. In this color wheel, L* indicates lightness and a* and b* indicate the chromaticity coordinates, with a* range from the red (+100) to green (-100) axis while b* range from the yellow (+100) to blue (-100). The color values of HbO2 and Hb can be represented in the L*a*b* three-dimensional color space as shown in Fig. 8 displaying in a*b* plane. In the figure, both HbO2 and Hb is closer to the +a* axis, and HbO2 is more to the red than Hb. As for the chroma or the saturation, the Hb is "paler" than the HbO2 's color. The word "paler" here indicates the degree of differences in the chroma between HbO2 and Hb. The chromaticity values of L*a*b for HbO2 and Hb indicates in Fig. 8 . prove that the proposed method give the significant different in color values of HbO2 and Hb. The a*b* values, representing the hues change significantly between these two main chromophores which provide the bluish cyanosis effect to the skin. 
Conclusion
In this paper, a new conceptual development of cyanosis determination and assessment method is presented relying on the on the measurement of the difference in the lowest value of the transmission spectra of HbO2 and Hb. The lowest wavelengths of HbO2 and Hb obtained at 424 nm and 440 nm respectively. However, the recognition of cyanosis skin based on wavelength's difference is not practical in a modern clinical practice. Thus, another quantitative measurement using color matching function is introduced and the objective of cyanotic and non-cyanotic skin color measurement based on CIE color space values (L*, a* and b*) are determined. This paper highlights two major types of clarification: the oxygenated blood is redder than the deoxygenated blood while the deoxygenated blood is bluer than oxygenated blood.
In future work, an actuator for a cyanosis baby manikin using the modeling presented in this article will be developed.
